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R. Macedonija 
Corresponding author: MSc Tatjana  Ulanska, University “Goce  Delcev”, Stip 
ABSTRACT 
Ensuring stability of slopes is needed to ensure safe exploitation of the currently planned activities in the 
mines, taking into consideration the safety of people and mechanization. Technological process for the 
exploitation on the mine “Suvodol” and the conception of the exploitation waste and coal are the primary 
factors that cause distortion of the natural balance of geomechanics  in the ground of  the area of the mine.
Distortion of the stability comes as a result of changing the geometrical shape of slopes  created during the 
technological process,, which causes the critical deformations. Subject of geomechanics  analysis is stability 
and final slope stability of the mine and planning changes on the ground in the function of the technological 
process for  exploitation.
Acknowledging the geomechanical changes that occur in the workplace (coal or waste), as well as the change 
of the piezometic level of the underground waters  and as a result there is a change of the coefficient of safety 
(Fs) and presents an opportunity for an analysis and efficient application of modern software programs.
Key words: coal, exploatation, stability, slopes, deformation, underground  waters. 
1.0. ɌɍɋȻɍɀȾɃȴȻ ɈȻ ɊɆȻɈɃɋȻȶɀ ɈȻ ɌɍȻȼɃɆɈɉɌɍȻ ɈȻ ɅɉɌɃɈɃɍɀ
ɉɥɚɧɢɪɚʃɟɬɨ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɤɨɫɢɧɢɬɟ ɩɪɟɬɫɬɚɜɭɜɚ ɩɪɢɨɪɢɬɟɬɧɚ ɡɚɞɚɱɚ ɜɨ ɰɟɥɨɤɭɩɧɚɨɬɨ
ɩɥɚɧɢɪɚʃɟ ɧɚ ɬɟɯɧɨɥɨɝɢʁɚɬɚ ɧɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɜɨ ɪɭɞɧɢɰɢɬɟ.
ɋɬɪɚɬɟɲɤɨɬɨ ɩɥɚɧɢɪɚʃɟ ɤɨɟ ɜɨ ɩɪɢɧɰɢɩ ɛɢ ɬɪɟɛɚɥɨ ɞɚ ɩɪɟɬɯɨɞɢ ɧɚ ɫɟɤɨʁɚ ɩɨɝɨɥɟɦɚ ɚɤɬɢɜɧɨɫɬ,
ɚ ɩɨɫɟɛɧɨ ɤɨɝɚ ɫɬɚɧɭɜɚ ɡɛɨɪ ɩɥɚɧɢɪɚʃɟ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɤɨɫɢɧɢɬɟ ɜɨ ɪɭɞɧɢɰɢɬɟ,ɨɛɟɡɛɟɞɭɜɚ ɫɢɝɭɪɟɧ
ɪɚɡɜɨʁ ɧɚ ɩɥɚɧɢɪɚɧɢɬɟ ɬɟɯɧɨɥɨɲɤɢ ɚɤɬɢɜɧɨɫɬɢ.
ɐɢɤɥɢɱɧɢɨɬ ɪɚɡɜɨʁ ɧɚ ɚɤɬɢɜɧɨɫɬɢ, ɜɨ ɦɨɞɟɥɨɬ ɧɚ ɫɬɪɚɬɟɲɤɨ ɩɥɚɧɢɪɚʃɟ, ɝɨ ɡɚɬɜɚɪɚ ɤɪɭɝɨɬ ɫɨ
ɢɫɩɨɥɧɭɜɚʃɟɬɨ ɧɚ ɡɚɞɚɱɢɬɟ, ɜɢɞɭɜɚʃɚɬɚ ɢ ɜɨɞɟɱɤɢɬɟ ɩɪɢɧɰɢɩɢ ɫɨ ɤɨʁ ɡɚɩɨɱɧɭɜɚ ɞɚ ɫɟ ɪɚɡɜɢɜɚ ɟɞɟɧ
ɩɪɨɟɤɬ.
ɂɫɬɪɚɠɭɜɚʃɚɬɚ ɩɨɜɪɡɚɧɢ ɫɨ ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɤɨɫɢɧɢɬɟ ɛɚɪɚɚɬ ɩɪɢɦɟɧɚ ɧɚ ɫɨɨɞɜɟɬɧɢ ɧɚɭɱɧɨ-
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    ɋɥ. 1 Ɇɨɞɟɥ ɧɚ ɫɬɪɚɬɟɲɤɨ ɩɥɚɧɢɪɚʃɟ
ɉɨɫɥɟ ɭɫɜɨʁɭɜɚʃɟɬɨ ɧɚ ɫɬɪɚɬɟɝɢʁɚɬ ɡɚ ɬɟɯɧɨɥɨɝɢʁɚɬɚ ɧɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɢ ɞɢɧɚɦɢɤɚɬɚ ɧɚ
ɨɬɤɨɩɭɜɚʃɟ ɜɨ ɪɭɞɧɢɤɨɬ, ɫɟ ɩɪɢɫɬɚɩɭɜɚ ɤɨɧ ɢɫɬɪɚɠɭɜɚʃɟ ɢɥɢ ɚɧɚɥɢɡɢɪɚʃɟ ɧɚ ɨɩɲɬɢɬɟ ɭɫɥɨɜɢ ɨɞ
ɝɟɨɥɨɲɤɢ, ɝɟɨɦɟɯɚɧɢɱɤɢ ɢ ɯɢɞɪɨɥɨɲɤɢ ɤɚɪɚɤɬɟɪ , ɧɚ ɚɧɚɥɢɡɢɪɚɧɨɬɨ ɩɨɞɪɚɱʁɟ.
ɋɨ ɭɬɜɪɞɭɜɚʃɟɬɨ ɧɚ ɨɫɧɨɜɧɢɬɟ ɩɚɪɚɦɟɬɪɢ ɡɚ ɨɩɪɟɞɟɥɭɜɚʃɟ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɤɨɫɢɧɢɬɟ, ɫɟ
ɩɪɚɜɢ ɭɫɥɨɜ ɡɚ ɨɩɬɢɦɢɡɢɪɚʃɟ ɧɚ ɪɚɛɨɬɢɬɟ ɜɨ ɩɨɜɪɲɢɧɫɤɢɨɬ ɤɨɩ. Ɍɨɚ ɡɧɚɱɢ ɨɩɬɢɦɢɡɢɪɚʃɟ ɧɚ
ɩɪɢɪɨɞɧɢɬɟ ɭɫɥɨɜɢ ɧɚ ɪɚɛɨɬɧɚɬɚ ɫɪɟɞɢɧɚ ɫɨ ɦɨɠɧɢɬɟ ɭɬɜɪɞɟɧɢ ɫɨɫɬɨʁɛɢ ɧɚ ɧɚɩɪɟɝɚʃɚɬɚ ɩɪɟɞ ɢ ɩɨɫɥɟ
ɢɡɜɟɞɟɧɢɬɟ ɪɚɛɨɬɢ ɧɚ ɢɫɤɨɩɨɬ, ɭɬɜɪɞɭɜɚʃɟ ɧɚ ɫɜɨʁɫɬɜɚɬɚ ɧɚ ɦɚɬɟɪɢʁɚɥɢɬɟ ɤɨɢ ʅɟ ɛɢɞɚɬ ɨɩɮɚɬɟɧɢ ɫɨ
ɝɟɨɦɟɯɚɧɢɱɤɚɬɚ ɩɪɟɫɦɟɬɤɚ ɢ ɨɩɪɟɞɟɥɭɜɚʃɟ ɧɚ ɦɨɠɧɢɨɬ ɦɟɯɚɧɢɡɚɦ ɧɚ ɞɟɮɨɪɦɚɰɢʁɚ ɢɥɢ ɨɛɪɭɲɭɜɚʃɟ
ɧɚ ɤɨɫɢɧɚɬɚ.
2.0. ɍɀɋɀɈɌɅȻ ɊɋɉɌɊɀɅɑɃȴȻ ɈȻ ȾɀɉɇɀɐȻɈɃɒɅɃɍɀ ɊɋɉɇɀɈɃ Ƚɉ ɋɎȿɈɃɅɉɍ
ȼɨ ɬɟɤɨɬ ɧɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚɬɚ ɧɚ ʁɚɝɥɟɧɢɬɟ ɜɨ ɪɭɞɧɢɤ “ɋɭɜɨɞɨɥ”, ɨɞ ɧɟɝɨɜɨɬɨ ɨɬɜɚɪɚʃɟ,ɩɨɫɬɨʁɚɧɨ
ɫɟ ʁɚɜɭɜɚɥɟ ɧɟɫɬɚɛɢɥɧɢ ɡɨɧɢ, ɲɬɨ ɟ ɢɡɪɚɡɟɧɨ ɫɨ ɩɨʁɚɜɚ ɢ ɪɚɡɜɨʁ ɧɚ ɩɭɤɧɚɬɢɧɢ, ɫɨ ɤɨɢ ɫɟ ɨɤɨɧɬɭɪɭɜɚɥɟ ɢ
ɫɟ ɨɤɨɧɬɭɪɭɜɚɚɬ ɩɚɥɟɨɪɟʂɟɮɢɬɟ ɧɚ ɦɢɤɪɨɥɨɤɚɰɢɢɬɟ: Ɇɢɤɪɨ1,2,3,4,5 ɢ ɫɟɝɚ ɜɨ ɡɚɜɪɲɧɚɬɚ ɮɚɡɚ ɧɚ
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ɋɥɢɤɚ 2 
ɋɟɤɨʁɚ ɨɛɨɞɧɚ ɡɨɧɚ ɜɨ ɪɭɞɧɢɤɨɬ ɞɟɮɢɧɢɪɚɧɚ ɤɚɤɨ Ɇɢɤɪɨɥɨɤɚɰɢʁɚ, ɢɦɚ ɫɜɨɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ
(ɝɟɨɥɨɲɤɢ, ɯɢɞɪɨɝɟɨɥɨɲɤɢ, ɝɟɨɦɟɯɚɧɢɱɤɢ ɢ ɞɪ.), ɩɪɢ ɲɬɨ ɬɪɟɛɚ ɞɚ ɫɟ ɢɦɚ ɩɪɟɞɜɢɞ ɞɟɤɚ ɫɥɨɟɜɢɬɟ
ɢɫɤɥɢɧɭɜɚɚɬ ɞɨɫɬɚ ɫɬɪɦɧɨ, ɩɚ ɡɚɬɨɚ ɩɪɨɢɡɥɟɝɭɜɚ ɩɨɬɪɟɛɚɬɚ ɡɚ ɩɨɫɟɛɧɨ ɬɪɟɬɢɪɚʃɟ ɧɚ ɨɜɢɟ ɡɨɧɢ. Ɂɚɪɚɞɢ
ɬɨɚ ɨɜɢɟ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɫɟ ɡɟɦɚɚɬ ɜɨ ɩɪɟɞɜɢɞ ɩɪɢ ɢɡɪɚɛɨɬɤɚɬɚ ɧɚ ɪɭɞɚɪɫɤɢɬɟ ɩɪɨɟɤɬɢ (ɬɟɯɧɨɥɨɝɢʁɚɬɚ
ɧɚ ɨɬɤɨɩɭɜɚʃɟ - ɧɚɩɪɟɞɭɜɚʃɟ, ɫɬɚɛɢɥɧɨɫɬɚ, ɨɞɜɨɞɧɭɜɚʃɟ ɢ ɞɪ.)
ɋɨ ɬɟɪɟɧɫɤɢɬɟ ɩɪɨɫɩɟɤɰɢɢ ɜɨ ɤɨɧɬɢɧɭɢɬɟɬ ɩɟɪɦɚɧɟɧɬɧɨ ɫɟ ɫɥɟɞɚɬ ɫɨɫɬɨʁɛɢɬɟ ɜɨ ɡɨɧɢɬɟ ɧɚ
ɨɬɤɨɩɧɢɬɟ ɛɥɨɤɨɜɢ ɜɨ ɨɞɧɨɫ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɟɬɚɠɢɬɟ.
ɋɨ ɭɫɜɨɟɧɚɬɚ ɬɟɯɧɨɥɨɝɢʁɚ ɧɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ʁɚɝɥɟɧɢɬɟ ɜɨ ɪɭɞɧɢɤ “ɋɭɜɨɞɨɥ”, ɞɨɚɼɚ ɞɨ
ɩɪɟɫɟɤɭɜɚʃɟ ɧɚ ɜɨɞɨɧɨɫɧɢɬɟ ɯɨɪɢɡɨɧɬɢ, ɫɟ ɫɨɡɞɚɜɚɚɬ ɭɫɥɨɜɢ ɡɚ ɫɧɢɠɭɜɚʃɟ ɧɚ ɧɢɜɨɬɨ ɧɚ ɇɉȼ ɢ ɉɇɉȼ,
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ɚ ɩɪɢ ɚɧɚɥɢɡɢɬɟ ɡɚ ɩɥɚɧɢɪɚɧɢɬɟ ɫɨɫɬɨʁɛɢ, ɧɟɨɞɦɢɧɥɢɜɨ ɟ ɩɪɚɬɟʃɟɬɨ ɧɚ ɨɜɢɟ ɧɢɜɨɚ. Ɂɚ ɬɚɚ ɰɟɥ ɜɨ
ɡɨɧɚɬɚ ɧɚ ɫɟɤɨʁɚ ɦɢɤɪɨɥɨɤɚɰɢʁɚ, ɫɜɨɟɜɪɟɦɟɧɨ ɫɟ ɢɡɪɚɛɨɬɭɜɚɥɟ ɞɭɩɧɚɬɢɧɢ ɫɨ ɰɟɥ ɡɚ ɩɪɚɬɟʃɟ ɧɚ
ɩɢɟɡɨɦɟɬɚɪɫɤɨɬɨ ɧɢɜɨ.
ȼɢɡɭɟɥɧɚɬɚ ɬɟɪɟɧɫɤɚ ɩɪɨɫɩɟɤɰɢʁɚ, ɟ ɩɪɜɢɨɬ ɤɨɧɬɚɤɬ ɫɨ ɞɟɮɨɪɦɚɰɢɢɬɟ ɧɚ ɬɟɪɟɧɨɬ ɤɨɢ
ɧɚɫɬɚɧɭɜɚɚɬ ɤɚɤɨ ɪɟɡɭɥɬɚɬ ɧɚ ɧɚɪɭɲɭɜɚʃɟ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɤɨɫɢɧɢɬɟ (ɪɚɛɨɬɧɢɬɟ ɢɥɢ ɡɚɜɪɲɧɢɬɟ) ɜɨ
ɪɭɞɧɢɤɨɬ. (ɋɥɢɤɚ-2 ɢ 3)
ɋɥɢɤɚ 3      ɋɥɢɤɚ 4 
3.0. ɇɉɈɃɍɉɋɃȾ Ƀ ɅɉɈɍɃɈɎɃɋȻɈɉ ɌɆɀȿɀȶɀ ɈȻ ɍɀɋɀɈɌɅɃɍɀ ɊɋɉɇɀɈɃ
ɊɋɀȿɃɂȽɃɅȻɈɃ ɉȿ ɈȻɋɎɓɎȽȻȶɀ ɈȻ ȾɀɉɇɀɐȻɈɃɒɅȻɍȻ ɌɍȻȼɃɆɈɉɌɍ ɈȻ
ɅɉɌɃɈɃɍɀ
Ʉɨɧɬɢɧɢɪɚɧɨɬɨ ɫɥɟɞɟʃɟ ɢ ɦɨɧɢɬɨɪɢɧɝɨɬ ɧɚ ɝɟɨɬɟɯɧɢɱɤɢɬɟ ɢ ɯɢɞɪɨɝɟɨɥɨɲɤɢɬɟ ɫɨɫɬɨʁɛɢ ɧɚ
ɪɚɛɨɬɧɚɬɚ ɫɪɟɞɢɧɚ, ɝɟɨɞɟɬɫɤɨɬɨ ɫɧɢɦɚʃɟ ɧɚ ɩɨʁɚɜɟɧɢɬɟ ɞɟɮɨɪɦɚɰɢɢ, ɧɢɜɧɨɬɨ ɤɚɪɬɢɪɚʃɟ,
ɢɡɪɚɛɨɬɤɚɬɚ ɧɚ ɩɢɟɡɨɦɟɬɪɢ ɢ ɩɪɚɬɟʃɟɬɨ ɧɚ ɩɢɟɡɨɦɟɬɚɪɫɤɨɬɨ ɧɢɜɨ, ɫɟ ɩɨɫɬɚɩɤɢ ɫɨ ɤɨɢ ɫɟ ɜɪɲɢ
ɞɟɬɟɤɬɢɪɚʃɟ ɢ ɩɪɚɬɟʃɟ ɧɚ ɝɟɨɦɟɯɚɧɢɱɤɢɬɟ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɬɟɪɟɧɨɬ.
Ƚɟɨɞɟɬɫɤɨɬɨ ɩɪɚɬɟʃɟ ɧɚ ɩɪɨɦɟɧɢɬɟ ɟ ɤɨɧɬɢɧɭɢɪɚɧɚ ɚɤɬɢɜɧɨɫɬ ɫɨ ɤɨʁɚ ɫɟ ɩɪɚɬɢ ɩɪɨɦɟɧɚɬɚ ɧɚ
ɞɟɮɨɪɦɚɰɢɢɬɟ ɧɚ ɬɟɪɟɧɨɬ.
ȿɞɧɚ ɨɞ ɩɨɫɬɚɩɤɢɬɟ ɡɚ ɩɪɚɬɟʃɟ ɧɚ ɜɢɞɥɢɜɢɬɟ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɬɟɪɟɧɨɬ (ɨɮɨɪɦɪɧɢ ɩɭɤɧɚɬɢɧɢ) ɟ
ɧɢɜɧɨɬɨ ɝɟɨɞɟɬɫɤɨ ɫɧɢɦɚʃɟ ɢ ɤɚɪɬɢɪɚʃɟ. ɋɨ ɰɟɥ ɞɚ ɫɟ ɭɬɜɪɞɚɬ ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɪɨɦɟɧɢ ɜɨ ɩɨɲɢɪɨɤɢ
ɝɪɚɧɢɰɢ ɤɚɞɟ ɫɟɭɲɬɟ ɧɟ ɫɟ ɪɟɝɢɫɬɪɢɪɚɧɢ ɜɢɞɥɢɜɢ ɞɟɮɨɪɦɚɰɢɢ ɫɟ ɩɪɢɫɬɚɩɭɜɚ ɤɨɧ ɩɨɫɬɚɜɭɜɚʃɟ ɧɚ
ɮɢɤɫɧɢ ɝɟɨɞɟɬɫɤɢ ɬɨɱɤɢ. ɋɨ ɩɟɪɢɨɞɢɱɧɚ ɨɫɤɭɥɬɚɰɢʁɚ ɧɚ ɬɢɟ ɝɟɨɞɟɬɫɤɢ ɬɨɱɤɢ ɫɟ ɭɬɜɪɞɭɜɚɚɬ ɩɪɨɦɟɧɢɬɟ
ɤɨɢ ɫɟ ɧɚɫɬɚɧɚɬɢ ɜɨ ɨɞɪɟɞɟɧ ɩɟɪɢɨɞ ɧɚ ɨɩɪɟɞɟɥɟɧ ɩɪɨɰɬɨɪ.
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Ɇɨɦɟɧɬɚɥɧɨ ɜɚɤɜɢɬɟ ɝɟɨɞɟɬɫɤɢ ɫɧɢɦɚʃɚ ɫɟ ɜɪɲɚɬ ɫɨ ɬɨɬɚɥɧɚ ɫɬɚɧɢɰɚ Ʌɚɢɰɚ  (ɋɥɢɤɚ-4). 
.
ɋɥɢɤɚ 5     ɋɥɢɤɚ 6
ɋɨ ɰɟɥ ɡɚ ɞɨɛɢɜɚʃɟ ɧɚ ɝɟɨɞɟɬɫɤɢ ɪɟɡɭɥɬɚɬɢ ɫɨ ɩɨɜɢɫɢɤ ɫɬɟɩɟɧ ɧɚ ɬɨɱɧɨɫɬ ɩɪɢ ɦɟɪɟʃɟɬɨ ɧɚ
ɞɟɮɨɪɦɚɰɢɢɬɟ ɧɚ ɤɨɫɢɧɢɬɟ ɩɪɟɩɨɪɚɱɥɢɜɨ ɟ ɬɨɚ ɞɚ ɛɢɞɟ ɫɨ ɢɧɫɬɪɭɦɟɧɬɢ ɤɨɢ ɦɟɪɚɬ ɩɪɨɫɬɨɪɧɢ
ɞɟɮɨɪɦɚɰɢɢ, ɨɞɧɨɧɨ 3Ⱦ ɥɚɫɟɪɫɤɢ ɫɤɟɧɟɪɢ, (ɋɥɢɤɚ-5). ɇɚ ɬɨʁ ɧɚɱɢɧ ɫɟ ɞɨɛɢɜɚɚɬ ɩɨɞɚɬɨɰɢ ɤɨɢ ɫɨ
ɩɨɝɨɥɟɦɚ ɬɨɱɧɨɫɬ ʅɟ ʁɚ ɭɬɜɪɞɚɬ ɞɢɧɚɦ ɢɤɚɬɚ ɧɚ ɪɚɡɜɨʁ ɧɚ ɞɟɮɨɪɦɚɰɢɢɬɟ.
4.0. ɊɋɀɌɇɀɍɅȻ Ƀ ȻɈȻɆɃɂȻ ɈȻ ɌɍȻȼɃɆɈɉɌɍȻ ɈȻ ɋȻȼɉɍɈɃɍɀ ɅɉɌɃɈɃ
ɋɨ ɰɟɥ ɞɚ ɫɟ ɞɟɮɢɧɢɪɚɚɬ ɭɫɥɨɜɢɬɟ ɡɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɢ ɝɟɨɦɟɬɪɢʁɚɬɚ ɧɚ ɢɫɤɨɩɨɬ (ɭɬɜɪɞɭɜɚʃɟ ɧɚ
ɪɚɛɨɬɧɢ ɢ ɡɚɜɪɲɧɢ ɚɝɥɢ) ɜɨ ɮɭɧɤɰɢʁɚ ɨɞ ɞɢɧɚɦɢɤɚɬɚ ɧɚ ɬɟɯɧɨɥɨɲɤɢɨɬ ɩɪɨɰɟɫ, ɫɟ ɩɪɚɜɚɬ ɫɨɨɞɜɟɬɧɢ
ɚɧɚɥɢɡɢ ɡɚ ɭɬɜɪɞɭɜɚʃɟ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɤɨɫɢɧɢɬɟ. ɍɬɜɪɞɭɜɚʃɟɬɨ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɤɨɫɢɧɢɬɟ ɫɟ
ɛɚɡɢɪɚ ɧɚ ɭɬɜɪɞɭɜɚʃɟ ɧɚ ɤɨɟɮɢɰɢɟɧɬɨɬ (ɮɚɤɬɨɪɨɬ) ɧɚ ɫɢɝɭɪɧɨɫɬ, ɤɨʁ ɫɩɨɪɟɞ ɩɪɚɜɢɥɧɢɤɨɬ ɡɚ ɬɟɯɧɢɱɤɢ
ɧɨɪɦɚɬɢɜɟ ɡɚ ɩɨɜɪɲɢɧɫɤɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɢɡɧɟɫɭɜɚ:
¾ Ɂɚ ɪɚɛɨɬɧɢ ɤɨɫɢɧɢ ɤɨɢ ɫɟ ɦɟɧɭɜɚɚɬ ɟɞɧɚɲ ɦɟɫɟɱɧɨ; ɏɬ =1,0 ɟɩ 1,1 
¾ Ɂɚ ɪɚɛɨɬɧɢ ɤɨɫɢɧɢ ɩɨ ɤɨɢ ɫɟ ɞɜɢɠɢ ɦɟɯɚɧɢɡɚɰɢʁɚ ɢ ɬɪɚɧɫɩɨɪɬ ɏɬ = 1,1 ɟɩ 1,15 
¾ Ɂɚ ɤɨɫɢɧɢ ɲɬɨ ɢɦɚɚɬ ɩɨɞɨɥɝ ɜɟɤ ɧɚ ɬɪɚɟʃɟ, ɛɨɱɧɢ ɢ ɡɚɜɪɲɧɢ ɏɬ = 1,3
Ʉɨɟɮɢɰɢɟɧɬɨɬ ɧɚ ɫɢɝɭɪɧɨɫɬ ɩɪɟɬɫɬɚɜɭɜɚ ɛɪɨʁ ɫɨ ɤɨʁ ɬɪɟɛɚ ɞɚ ɫɟ ɪɟɞɭɰɢɪɚ ʁɚɱɢɧɚɬɚ ɧɚ
ɫɜɥɟɤɭɜɚʃɟ, ɡɚ ɞɚ ɫɟ ɡɚɞɨɜɨɥɢ ɭɫɥɨɜɨɬ ɡɚ ɪɚɡɪɭɲɭɜɚʃɟ ɧɚ ɥɢɧɢʁɚɬɚ ɢɥɢ ɡɨɧɚɬɚ ɧɚ ɪɚɡɪɭɲɭɜɚʃɟ. Ɍɨɚ
ɡɧɚɱɢ ɞɟɤɚ ɚɧɚɥɢɡɚɬɚ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɮɚɤɬɢɱɤɢ ɫɟ ɫɜɟɞɭɜɚ ɧɚ ɨɩɪɟɞɟɥɭɜɚʃɟ ɧɚ ɨɜɨʁ ɤɨɟɮɢɰɢɟɧɬ, ɤɨʁ
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ɩɪɟɬɫɬɚɜɭɜɚ ɛɟɡɞɢɦɟɧɡɢɨɧɚɥɟɧ ɛɪɨʁ ɢ ɝɨ ɨɞɪɚɡɭɜɚ ɨɞɧɨɫɨɬ ɩɨɦɟɼɭ ʁɚɱɢɧɚɬɚ ɧɚ ɫɜɥɟɤɭɜɚʃɟ ɧɚ
ɦɚɬɟɪɢʁɚɥɨɬ ɢ ɦɨɛɢɥɢɡɢɪɚɧɚɬɚ ʁɚɱɢɧɚ ɧɚ ɫɜɥɟɤɭɜɚʃɟ.
Ɂɚ ɚɧɚɥɢɡɢ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɫɟ ɤɨɪɢɫɬɚɬ ɪɚɡɥɢɱɧɢ ɫɨɮɬɜɟɪɫɤɢ ɩɚɤɟɬɢ. ɉɪɢ ɬɨɚ ɚɧɚɥɢɡɢɬɟ ɦɨɠɚɬ
ɞɚ ɫɟ ɜɪɲɚɬ ɡɚ ɩɨɜɟʅɟ ɞɟɮɢɧɢɪɚɧɢ ɪɚɦɧɢɧɢ ɧɚ ɥɢɡɝɚʃɟ ɫɨ ɚɜɬɨɦɚɬɫɤɨ ɛɚɪɚʃɟ ɧɚ ɦɢɧɢɦɚɥɧɢɨɬ
ɤɨɟɮɢɰɢɟɧɬ ɧɚ ɫɢɝɭɪɧɨɫɬ, ɋɨ ɩɪɨɝɪɚɦɫɤɢɬɟ ɩɚɤɟɬɢ ɫɟ ɨɜɨɡɦɨɠɭɜɚ ɩɚɪɚɥɟɥɧɚ ɚɧɚɥɢɡɚ ɫɨ ɫɢɬɟ ɩɨɡɧɚɬɢ
ɦɟɬɨɞɢ ɡɚ ɚɧɚɥɢɡɚ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɫɩɨɪɟɞ ɩɪɢɧɰɢɩɢɬɟ ɧɚ ɝɪɚɧɢɱɧɚ ɪɚɦɧɨɬɟɠɚ ( Ȼɢɫɯɨɩ, ɋɩɟɧɰɟɪ,
ȳɚɧɛɭ ɢ ɞɪ.)
ɉɪɢ ɬɨɚ , ɦɨɠɧɨ ɟ ɞɚ ɫɟ ɨɩɮɚɬɚɬ ɫɥɭɱɚɢ ɧɚ ɫɬɚɬɢɱɤɚ ɢ ɤɜɚɡɢɫɬɚɬɢɱɤɚ ɚɧɚɥɢɡɚ, ɤɚɤɨ ɢ ɝɨɥɟɦ ɛɪɨʁ
ɧɚ ɦɨɠɧɢ ɤɨɦɛɢɧɚɰɢɢ ɧɚ ɧɚɞɜɨɪɟɲɧɢ ɨɩɬɨɜɚɪɭɜɚʃɚ ɢɥɢ ɟɮɟɤɬ ɨɞ ɩɪɟɜɡɟɦɟɧɢ ɫɚɧɚɰɢɨɧɢ ɦɟɪɤɢ.
Ƚɟɧɟɪɚɥɧɨ, ɦɟɬɨɞɢɬɟ ɡɚ ɚɧɚɥɢɡɚ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɤɨɫɢɧɢɬɟ ɫɟ ɛɚɡɢɪɚɚɬ ɧɚ ɩɨɞɟɥɛɚ ɧɚ ɦɚɫɚɬɚ
(ɛɥɨɤɨɬ) ɧɚ ɫɜɥɟɤɭɜɚʃɟ ɧɚ ɜɟɪɬɢɤɚɥɧɢ ɥɚɦɟɥɢ. ȼɨ ɫɟɤɨʁɚ ɥɚɦɟɥɥɚ ɞɟʁɫɬɜɭɜɚɚɬ ɫɢɥɢɬɟ ɧɚ ɫɨɩɫɬɜɟɧɚɬɚ
ɡɟɦʁɟɧɚ ɦɚɫɚ, ɩɨɜɪɲɢɧɫɤɨɬɨ ɨɩɬɟɪɟɬɭɜɚʃɟ ɢ ɩɨɪɧɢɨɬ ɩɪɢɬɢɫɨɤ. ɋɨ ɫɭɦɢɪɚʃɟ ɧɚ ɫɢɬɟ ɩɨɟɞɢɧɟɱɧɢ
ɞɟɥɨɜɢ ɡɚ ɫɟɤɨʁɚ ɥɚɦɟɥɚ ɜɞɨɥɠ ɪɚɦɧɢɧɚɬɚ ɧɚ ɫɜɥɟɤɭɜɚʃɟ, ɦɨɠɧɨ ɟ ɞɚ ɫɟ ɢɡɪɚɱɭɧɚ ɮɚɤɬɨɪɨɬ ɫɢɝɭɪɧɨɫɬ
ɡɚ ɭɫɜɨɟɧɢɬɟ ɭɫɥɨɜɢ ɧɚ ɤɨɫɢɧɚɬɚ.
Ʉɚʁ ɫɢɬɟ ɦɟɬɨɞɢ ɧɚ ɚɧɚɥɢɡɚ ɧɚ ɤɨɫɢɧɢɬɟ, ɧɚʁɜɚɠɧɨ ɟ ɞɚ ɫɟ ɨɞɪɟɞɢ ɩɨɥɨɠɛɚɬɚ ɧɚ
ɧɚʁɧɟɩɨɜɨɥɧɚɬɚ ɪɚɦɧɢɧɚ ɧɚ ɥɢɡɝɚʃɟ. ɉɨɥɨɠɛɚɬɚ ɧɚ ɬɚɚ ɪɚɦɧɢɧɚ ɡɚɜɢɫɢ ɨɞ ɩɚɪɚɦɟɬɪɢɬɟ ɧɚ ɰɜɪɫɬɢɧɚ
ɧɚ ɦɚɬɟɪɢʁɚɥɨɬ ɜɨ ɤɨɫɢɧɚɬɚ, ɩɨɪɧɢɨɬ ɩɪɢɬɢɫɨɤ ɧɚ ɜɨɞɚɬɚ ɢ ɞɟʁɫɬɜɭɜɚʃɟɬɨ ɧɚ ɧɚɞɜɨɪɟɲɧɢɬɟ ɫɢɥɢ .
5.0. ȾɀɉɍɀɐɈɃɒɅȻ ȻɈȻɆɃɂȻ ɈȻ ɋɀɂɎɆɍȻɍɃɍɀ ȿɉȼɃɀɈɃ Ɍɉ ɃɌɍɋȻȾɃ,
ɃɌɊɃɍɎȽȻȶȻ Ƀ ɊɋɀɌɇɀɍɅɃ
Ⱥɧɚɥɢɡɚɬɚ ɧɚ ɝɥɨɛɚɥɧɚɬɚ ɫɨɫɬɨʁɛɚ ɧɚ ɤɨɫɢɧɢɬɟ ɜɨ ɪɭɞɧɢɤɨɬ ɡɚ ɨɞɪɟɞɟɧ ɩɟɪɢɨɞ ɫɟ ɫɨɫɬɨɢ ɜɨ
ɚɧɚɥɢɡɢɪɚʃɟ ɧɚ ɩɥɚɧɢɪɚɧɚ ɫɨɫɬɨʁɛɚ ɧɚ ɤɚɪɚɤɬɟɪɢɫɬɢɱɧɢ ɩɪɨɮɢɥɢ. ɂɡɛɨɪɨɬ ɧɚ ɚɧɚɥɢɡɢɪɚɧɢɬɟ ɩɪɨɮɢɥɢ
ɫɟ ɜɪɲɢ ɧɚ ɨɫɧɨɜɚ ɩɥɚɧɢɪɚɧ ɪɚɡɜɨʁ ɧɚ ɞɢɧɚɦɢɤɚ ɧɚ ɢɫɤɨɩ ɜɨ ɤɚɪɚɤɬɟɪɢɫɬɢɱɟɧ ɩɪɨɫɬɨɪ ɤɨʁ ɢɦɚ ɢɧɞɢɰɢɢ
ɢɥɢ ɜɟʅɟ ɫɟ ɭɬɜɪɞɟɧɢ ɝɟɨɦɟɯɚɧɢɱɤɢ ɩɪɨɦɟɧɢ. Ⱥɧɚɥɢɡɢɬɟ ɫɟ ɜɪɲɚɬ ɢ ɧɚ ɩɪɨɮɢɥɢ ɤɨɢ ɫɨ ɬɟɯɧɨɥɨɲɤɢɨɬ
ɩɪɨɰɟɫ ɫɟ ɩɥɚɧɢɪɚ ɞɚ ɢɦɚɚɬ ɩɪɨɦɟɧɢ ɜɨ ɝɟɨɦɟɬɪɢʁɚɬɚ ɡɚɪɚɞɢ ɩɪɚɬɟʃɟ ɧɚ ɝɟɨɦɟɯɚɧɢɱɤɚɬɚ ɫɬɚɛɢɥɧɨɫɬ.
ɉɪɨɮɢɥɢɬɟ ɫɟ ɚɧɚɥɢɡɢɪɚɚɬ ɡɚ ɩɨɫɬɨʁɚɧɚɬɚ ɫɨɫɬɨʁɛɚ ɢ ɩɥɚɧɢɪɚɧɚɬɚ ɫɨɫɬɨʁɛɚ ɫɨ ɨɬɤɨɩɚɧ ʁɚɝɥɟɧ ɢ
ʁɚɥɨɜɢɧɚ ɫɨɝɥɚɫɧɨ ɩɥɚɧɢɪɚɧɚɬɚ ɞɢɧɚɦɢɤɚ ɧɚ ɧɚɩɪɟɞɭɜɚʃɟ ɧɚ ɫɢɫɬɟɦɢɬɟ ɡɚ ɨɩɪɟɞɟɥɟɧɢɨɬ ɩɟɪɢɨɞ. ɉɪɢ
ɬɨɚ ɫɟ ɜɪɲɢ ɢ ɚɧɚɥɢɡɚ ɫɨ ɪɚɫɬɟɪɟɬɭɜɚʃɟ ɧɚ ɞɟɥ ɨɞ ɦɚɫɢɬɟ ɫɨ ɰɟɥ ɡɚ ɞɨɛɢɜɚʃɟ ɫɬɚɛɢɥɧɚ ɫɨɫɬɨʁɛɚ.
ɉɨʁɚɜɚɬɚ ɧɚ ɞɟɮɨɪɦɚɰɢɢɬɟ (ɩɭɤɧɚɬɢɧɢɬɟ) ɟ ɭɫɥɨɜɟɧɚ ɨɞ ɧɢɡɚ ɜɥɢʁɚɬɟɥɧɢ ɮɚɤɬɨɪɢ ɨɞ ɤɨɢ
ɧɚʁɡɧɚɱɚʁɧɢ ɫɟ:
¾ ɫɬɪɦɟɧ ɧɚɤɥɨɧ ɧɚ ɩɚɥɟɨɪɟʂɟɮɨɬ
¾ ɫɬɪɦɧɨ ɡɚɥɟɝɚʃɟ ɧɚ ʁɚɝɥɟɧɨɬ ɢ ʁɚɝɥɟɧɨɜɚɬɚ ɝɥɢɧɚ ɜɪɡ ɩɚɥɟɨɪɟʂɟɮɨɬ
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¾ ɩɨɫɬɨɟʃɟ ɧɚ ɩɨɞɢɧɫɤɚ ɢɡɞɚɧ ɩɨɞ ɩɪɢɬɢɫɨɤ ɫɨ ɧɟɡɚɧɟɦɚɪɥɢɜɢ ɜɪɟɞɧɨɫɬɢ ɧɚ ɚɪɬɟɪɫɤɢ ɢ
ɫɭɛɚɪɬɟɪɫɤɢ ɩɪɢɬɢɫɨɰɢ ɜɨ ɩɨɞɢɧɚ
Ɉɞ ɞɨɛɢɟɧɢɬɟ ɪɟɡɭɥɬɚɬɢ ɫɨ ɚɧɚɥɢɡɢɬɟ, ɨɫɧɨɜɧɚ ɰɟɥ ɟ ɡɚɩɚɡɭɜɚʃɟ ɧɚ ɡɚɞɨɜɨɥɢɬɟɥɟɧ ɮɚɤɬɨɪ ɧɚ
ɫɢɝɭɪɧɨɫɬ ɨɞ Fs=1,1. ȼɨ ɡɚɜɢɫɧɨɫɬ ɨɞ ɞɨɛɢɟɧɚɬɚ ɜɪɟɞɧɨɫɬ ɡɚ ɬɨʁ ɤɨɟɮɢɰɢɟɧɬ ɫɟ ɩɪɟɜɡɟɦɚɚɬ
ɞɨɩɨɥɧɢɬɟɥɧɢ ɚɤɬɢɜɧɨɫɬɢ  (ɪɚɫɬɟɪɟɬɭɜɚʃɚ ɢɥɢ ɧɚɦɚɥɭɜɚʃɟ ɧɚ ɫɭɛɚɪɬɟɪɫɤɢɬɟ ɢ ɚɪɬɟɪɫɤɢɬɟ ɩɪɢɬɢɫɨɰɢ),
ɞɨɤɨɥɤɭ ɬɨʁ ɛɪɨʁ ɛɢɞɟ ɩɨɦɚɥ ɨɞ 1,1.
6.0. ɂ Ȼ Ʌ Ɇ Ɏ ɒ ɉ Ʌ
Ɍɟɯɧɨɥɨɲɤɢɨɬ ɩɪɨɰɟɫ ɧɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɜɨ ɝɨɥɟɦɚ ɦɟɪɤɚ ɟ ɡɚɜɢɫɟɧ ɨɞ ɫɨɫɬɨʁɛɚɬɚ ɧɚ
ɫɬɚɛɢɥɧɨɫɬɚ ɧɚ ɤɨɫɢɧɢɬɟ, ɩɚ ɨɞ ɬɭɤɚ ɫɬɪɚɬɟɝɢʁɚɬɚ ɡɚ ɩɥɚɧɢɪɚʃɟ ɧɚ ɫɬɚɛɢɥɧɨɫɬɚ ɟ ɧɟɨɞɦɢɧɥɢɜ ɞɟɥ ɜɨ
ɩɥɚɧɢɪɚʃɟɬɨ ɧɚ ɬɟɯɧɨɥɨɲɤɢɬɟ ɚɤɬɢɜɧɨɫɬɢ ɜɨ ɪɭɞɧɢɤɨɬ.
ɋɨ ɰɟɥ ɡɚ ɨɛɟɡɛɟɞɭɜɚʃɟ ɤɜɚɥɢɬɟɬɧɨ ɪɟɚɥɢɡɢɪɚʃɟ ɧɚ ɬɟɯɧɨɥɨɲɤɢɨɬ ɩɪɨɰɟɫ ɢ ɭɫɩɟɲɧɨ
ɪɟɚɥɢɡɢɪɚʃɟ ɧɚ ɩɥɚɧ ɡɚ ɪɚɛɨɬɚ ɢɥɢ ɩɪɨɟɤɬ (ɭɩɪɨɫɬɟɧ, ɞɨɩɨɥɧɢɬɟɥɟɧ ɢɥɢ ɝɥɚɜɟɧ), ɩɨɬɪɟɛɧɨ ɟ:
x Ʉɨɧɬɢɧɭɢɪɚɧɨ ɫɥɟɞɟʃɟ ɧɚ ɨɬɤɨɩɧɢɬɟ ɛɥɨɤɨɜɢ ɢ ɬɟɪɟɧɨɬ ɜɨ ɨɝɪɚɧɢɱɟɧɨɬɨ ɪɭɞɧɨ ɩɨɥɟ ɨɞ
ɢɧɠɢɧɟɪɫɤɨɝɟɨɥɨɲɤɢ ɚɫɩɟɤɬ;
x Ɋɟɞɨɜɧɢ ɚɧɚɥɢɡɢ ɧɚ ɫɬɚɛɢɥɧɨɫɬ;
x Ʉɨɧɬɢɧɭɢɪɚɧɨ ɢɡɜɟɞɭɜɚʃɟ ɧɚ ɩɪɟɩɨɪɚɤɢɬɟ ɡɚ ɨɛɟɡɛɟɞɭɜɚʃɟ ɫɬɚɛɢɥɧɨɫɬ ɧɚ ɤɨɫɢɧɢɬɟ
(ɩɪɟɞ ɫɟ ɨɛɟɡɛɟɞɭɜɚʃɟ ɧɚɜɪɟɦɟɧɨ ɪɚɫɬɟɪɟɬɭɜɚʃɟ, ɦɢɧɢɦɢɡɢɪɚʃɟ ɧɚ ɦɨɠɧɨɫɬɚ ɡɚ
ɞɨɬɨɤ ɧɚ ɜɨɞɢ, ɧɚɦɚɥɭɜɚʃɟ ɧɚ ɚɪɬɟɪɫɤɢɬɟ ɢ ɫɭɛɚɪɬɟɪɫɤɢɬɟ ɩɪɢɬɢɫɨɰɢ.
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